After the January 2010 earthquake in Haiti, an existing development program promoting household water treatment with chlorine rapidly expanded and provided relief to 15,000 earthquake-affected households. Initially, 157 community health workers (CHWs) distributed chlorine tablets; ten months later, CHWs began selling locally manufactured solution. The program was externally evaluated in March and November 2010; 77-90% of recipients had free chlorine residual (FCR) in household water. Internal monitoring by three supervisors and 157 CHWs also began in 2010. We analyzed results from 9,832 supervisor and 80,371 CHW monitoring visits conducted between 2010 and 2014 to assess: whether success continued in the rehabilitation phase; internal data validity; and factors impacting adoption. In 2010, 72.7% of supervisor visits documented total chlorine residual (TCR) comparable to external evaluation results. TCR presence was associated with certain supervisors/ CHWs, earlier program year and month (in 2014, supervisor visits TCR presence dropped to 52.1%), living in plains (not mountainous) regions, and certain calendar months. CHW visits recorded 18.1% higher TCR presence than supervisor visits, indicating bias. Our results document a program with sustained (although slightly declining) household chlorination use, provide insight into validity in internal monitoring, and inform discussions on the value of linking successful development programs to emergency relief, rehabilitation, and development. Downloaded from https://iwa.silverchair.com/washdev/article-pdf/7/1/56/386165/washdev0070056.pdf by guest L. Wilner et al. | Sustained use in relief-to-recovery household water chlorination program Journal of Water, Sanitation and Hygiene for Development | 07.1 | 2017 Downloaded from https://iwa.silverchair.com/washdev/article-pdf/7/1/56/386165/washdev0070056.pdf by guest L. Wilner et al. | Sustained use in relief-to-recovery household water chlorination program Journal of Water, Sanitation and Hygiene for Development | 07.1 | 2017 Downloaded from https://iwa.silverchair.com/washdev/article-pdf/7/1/56/386165/washdev0070056.pdf by guest L. Wilner et al. | Sustained use in relief-to-recovery household water chlorination program Journal of Water, Sanitation and Hygiene for Development | 07.1 | 2017 Downloaded from https://iwa.silverchair.com/washdev/article-pdf/7/1/56/386165/washdev0070056.pdf by guest Figure 1 | Percent positive TCR test results in supervisor data. (a) Percent positive TCR test results by supervisor. (b) Percent positive TCR test results by year. (c) Percent positive TCR test results by calendar month. (d) Percent positive TCR test results by program month. 60 L. Wilner et al. | Sustained use in relief-to-recovery household water chlorination program Journal of Water, Sanitation and Hygiene for Development | 07.1 | 2017 Downloaded from https://iwa.silverchair.com/washdev/article-pdf/7/1/56/386165/washdev0070056.pdf by guest
INTRODUCTION
Worldwide, approximately 663 million people lack access to an improved water source and an estimated 1.2 billion more rely on contaminated water sources (Onda et al. ; WHO/UNICEF ). Household water treatment and safe storage (HWTS) can be a cost-effective means of improving drinking water quality (Clasen et al. ) and reducing diarrheal disease in households where access to microbiologically safe water is limited (Clasen et al. ; Clasen ) . HWTS is, therefore, recommended as part of a comprehensive strategy to prevent diarrheal disease in low-income settings without access to safe drinking water (WHO/UNICEF ).
In the 2012 Demographic Health Survey in Haiti, 88% of urban and 49% of rural respondents reported having access to an improved water source (Cayemittes et al. ) . Additionally, 60% of urban and 78% of rural respondents self-reported use of HWTS options. Of those reporting HWT use, 96% reported using chlorine-based products. The percent of the population that had confirmed use of HWTS products was not assessed. In another 2012 survey of 1,024 households, 68.8% of rural respondents selfreported using HWTS, and 27.7% of household had stored water with free chlorine residual (FCR), a confirmation of water treatment (PSI ).
One chlorine-based HWTS program, the Safe Water System (SWS), was developed by the U.S. Centers for Disease Control and Prevention (CDC) and the Pan American Health Organization and consists of three components:
(1) water treatment with sodium hypochlorite solution DSI rapidly scaled up this pilot as an emergency response activity after the January 2010 earthquake, as Léogâne was near the earthquake's epicenter. In total, about 15,000 families were provided a safe storage container by DSI, leading to post-emergency programmatic coverage of approximately 40% of families throughout Léogâne Commune (20% in the plains and 60-100% in the mountains).
The program was, and is, coordinated by three Haitian DSI supervisors who support 157 local community health workers (CHW). For ten months immediately following the earthquake, Aquatabs™ chlorine tablets were distributed at no cost, after which DSI resumed normal sales of Gadyen Dlo. In 2010, DSI supervisors and CHWs began to conduct regular unannounced household monitoring visits to recipients to complete education, conduct a small survey, and measure chlorine residual in stored household drinking water.
In two external evaluations conducted in 2010, two and ten months post-earthquake, 77% and 90% of participants in this program had FCR in their drinking water, respectively (Lantagne & Clasen , ) . Please note the 10-month follow-up occurred one month after the introduction of cholera to Haiti, and it is not possible from the dataset to distinguish whether Aquatabs or Gadyen Dlo were used to result in the FCR. The DSI program was the most successful of 14 programs evaluated across four different emergency responses. In contrast, only 10-17% of households which received free chlorine tablets without follow-up had FCR in their drinking water in two studies conducted in 2010 and 2012 (Lantagne & Clasen , Patrick et al. ) .
Program success was attributed to DSI providing an effective HWTS method, with the necessary supplies and training provided, to households with contaminated water which were familiar with the method before the emergency The data were initially analyzed across six variables: (1) supervisor; (2) program year; (3) program month; (4) calendar month; (5) season; and (6) geographical location. The dataset was then subsequently stratified by CHW, and analyzed for the same six variables. The seasonality variable was generated using publicly available weather data to determine rainy versus dry months (WBG ). The geographical location variable was coded as whether households were in a plains or mountainous region (using maps provided by DSI). The main outcome of interest was percent positive TCR. Of note, households in which water was not present at the time of the unannounced visits were considered to have a negative TCR result: (1) in order to maintain consistency between data sources; and (2) as the household did not have safe drinking water at the time of the unannounced visit, and therefore was not considered to be using the chlorine. Households in which no one was present at the time of the unannounced surveys were excluded from analysis.
Chi-square tests were used to assess differences in TCR test results (presence/absence) by supervisor, program year, calendar month, season, and geographical location and t-tests were used to assess differences by program month.
Additionally, to account for the fact we do not know if all data were independent (i.e., if households were visited multiple times), we recompleted all chi-square and t-tests using 16 three-month data segments (i.e., January-March 2010 (segment 1), April-June 2010 (segment 2)). We selected threemonth sections because CHWs were asked to visit each household every three months as a minimum, and thus we could assume the number of repeated households in each three-month segment would be negligibly small. All results were analyzed using 0.05 as a cutoff for statistical significance.
CHW visit data
Each CHW recorded monthly visits on a paper form, submitted to supervisors at DSI. The paper forms for the time period 2010-2014 were mailed to Tufts University. Data were entered using Google Forms (Mountain View, CA, USA), exported into Microsoft Excel, and cleaned and analyzed using Stata 13.1. As with supervisor data, the main outcome of interest was the TCR test result; households that did not have water were considered to have a negative TCR result and households in which no one was present at the time of the unannounced surveys were excluded from analysis.
The percent positive TCR test result for all visits for each CHW was calculated. This variable in the CHW dataset was compared with the equivalent variable in the supervisor dataset. A scatter plot was generated to visualize the correlation, and a Wilcoxon signed-rank test was performed to quantify the correlation between supervisor and CHW datasets for this variable.
Validation
To validate the supervisor and CHW datasets, two additional analyses were completed: (1) the total volume of liquid chlorine sold, by quarter, from October 2010 to December 2014 was obtained and compared to the measured TCR; and (2) a scatter plot visualizing the correlation between average TCR in the CHW and supervisor datasets over time (with each dot one month of data).
All data were provided from DSI to Tufts University in de-identified format, and the Tufts University Institutional Review Board approved this secondary analysis.
RESULTS
From 2010 to 2014, three supervisors performed 9,832 household visits and 157 CHWs performed 80,371 household visits. Although the exact number of distinct households reached with visits is unknown as no household ID numbers were recorded, the maximum number of households visited was 15,000, the number of households in the project. Please remember that in external evaluations conducted in 2010 two and ten months post-earthquake, 77% and 90% of participants in this program had FCR in their drinking water, respectively (Lantagne & Clasen , ) . Please note the ten-month evaluation happened to occur one month after the introduction of cholera to Haiti. When data across the 47 months were aggregated by 12 calendar months, the average positive TCR percentage varied significantly by calendar month, although with less range than program year and month, from 63.0 to 66.7% (p < 0.001) (Figure 1(c) ). The sample size in the 12 calendar months averaged 816, with a median of 917, a minimum of 30, and a maximum of 1,698.
Supervisor visit datafull dataset
Overall, 5,851 samples were collected in the dry season and 3,869 samples collected in the rainy season, of which, 3,805 (66.0%) and 2,552 (65.0%) were TCR positive, respectively (Figure 1(b) ). This difference was not statistically significant (p ¼ 0.346). Overall, 2,383 samples came from households in a plains region, and 3,474 samples were from households in mountainous areas (please note there was a large number of samples without region noted). Households in the plains regions had a statistically significantly higher When the data were reanalyzed using three-month segments, there were three individual segments that were different from the results presented above: (1) in months 7-9 (segment 3), visit month was not significant (p ¼ 0.42);
(2) in months 10-12 (segment 4), visit month was not significant (p ¼ 0.26); and (3) in months 10-12 (segment 4), geographical region was not significant (p ¼ 0.18). In all others analyses, across all 16 segments, the results by segment were the same as the result across the whole dataset.
Supervisor data stratified by CHW
The average mean percent TCR positive by CHW was 65.0% (range of 29.0-96.0%) (Figure 2(a) ). The median mean percent TCR positive by CHW, stratified by supervisor ranged from 61.1 to 75.6% (Figure 2(b) ); stratified by calendar month ranged from 62.3 to 73.9% (Figure 2(d) ); stratified by program year ranged from 63.4 to 66.4% (Figure 2(c) ), and stratified by program month ranged from 60.0 to 73.9% (data not shown). The median of the mean percent TCR positive test result stratified by rainy season ranged from 64.4 to 65.2%, and stratified by geographical region ranged from 63.0 to 66.4%. Please note, there are supervisor results likely confounded by geographical region, as two supervisors were assigned to a majority of mountainous regions and one was assigned to a majority of plains regions.
CHW data
Of the 157 total CHWs, 114 submitted enterable household visit data. These 114 CHWs performed an average of 1,658 TCR tests (range of 21-5,102; mean ¼ 1,542 (95% CI: 1.488, 1.620); 25 th percentile ¼ 817; 75 th percentile ¼ datasets were not well correlated (p < 0.001); visually, if data were well correlated, data points would fall near the expected line (R 2 ¼ 0.0004) (Figure 3) .
Validation
As can be seen in Figure 4(a) , the volume of liquid chlorine sold by quarter varied from Quarter 4 (Q4) 2010 (October-December 2010) to Q3 2014. As can be seen, there is a large spike in sales after the cholera epidemic began in October 2010. This is followed by a decline in sales after the cholera epidemic in 2011 and 2012, likely due to mass free distributions of Aquatabs by many organizations as a cholera response activity. In 2013 and 2014, there is an uptick in sales, likely due to less free distribution. Please note, data were not available from DSI for the number of Aquatabs distributed in the initial emergency response period from January to September 2010. Additionally, as can be seen in 
DISCUSSION
Monitoring and evaluation results from the DSI Léogâne SWS programwhich existed before the earthquake, rapidly expanded following the earthquake, and continues as of writingdocument that: (1) 77% of recipient households surveyed in an external evaluation two months after the earthquake had FCR; (2) 90% of households surveyed in external evaluation conducted ten months after the earthquake (and at the start of the cholera outbreak) had FCR; (3) 72.7% of all DSI supervisor monitoring visit tests in 2010 (Figure 4(b) ), we saw consistency between the results over time.
However, the CHW monitoring data had, on average, 18.1% higher TCR presence than the supervisor data, indicating low internal validity and bias, and highlights the need to complete data triangulation (UNDP ; IFRC ). This low internal validity is not unexpected, as CHWs implementing the program might have conscious or unconscious selection bias in selecting households they know have TCR to increase their success metrics and/or that they visit more often or are easier to visit, and thus are more likely to have TCR. While these biases exist, this does not indicate that CHW's visit should be discontinued, as continued education on the products conducted during household visits likely is a key factor in sustained adoption (Figueroa & Kincaid ) . This inflation of program success metrics is the reason it is recommended that individuals are not involved in programmatic implementation conduct evaluation (UNDP ; IFRC ). A limitation of monitoring is that it is often conducted by those directly involved in program implementation, and thus subject to these biases (UNDP ; IFRC ).
TCR presence was correlated with certain supervisors and CHWs. Differences found across the three supervisors may be because of supervisor performance in encouraging CHWs to conduct high-quality outreach, or simply that each supervisor consistently oversaw a third of CHWs and there were differences in the CHW cohorts or geographical areas the supervisors oversaw. There was high variability between CHW data in the supervisor dataset, with a mean of 65% TCR by CHW and a range of 29-96%. Individual CHWs could have had different dedication or ability to conduct their responsibilities, including conducting visits, completing education with recipients, collecting data, and distributing or selling the chlorine products. Initially, CHWs were paid only for completing reports; they then transitioned to receiving a proportion of their compensation as a percentage of bottle sales. The CHW is the person who interfaced with recipients, and thus CHW dedication and ability is key to program success. The decline in TCR presence over time was primarily in households in mountainous regions, which might reflect less access to chlorination products. However, >50% of households had TCR presence in the fifth year of the program, which is a much higher rate than previously documented for sustained use of chlorination (Hunter ) . Figure 4(a) ), and consistency between supervisor and CHW data across the program months (as seen in Figure 4(b) ). These consistencies indicate that there is some validity in the dataset.
Lastly, given the data presented herein, it is recommended to complete a mixed-method case study evaluation of this program to document lessons learned in establishing a successful relief-to-rehabilitation program.
Although there was decline in TCR over five years, the overall rate of positive TCR test results is higher than documented in other SWS projects. These data provide insight into how to develop a sustainable, long-term HWTS chlorination program that can expand to respond to emergencies and progress through relief back into development. As such, continuing to conduct systematic supervisor internal monitoringand responding to that monitoring to target areas with declining use rates with additional resourcesis recommended. CHW monitoring is recommended because conducting training and household visits encourage adoption.
CONCLUSION
Our results provide insight into validity in internal monitoring, document a program with sustained use of HWTS chlorination (although slightly declining over time), and inform discussions on linking successful development programs to emergency relief, rehabilitation, and development.
